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INFLUENCE OF THE ESTRUS CYCLE AND THE
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Only rarely has the physiologically and dinically important
organ, the uterus, been employed as a site for the growth of trans-
plantable tumors. Guyer and Claus3 made a study of the effects of
the Flexner-Jobling carcinoma transplanted into the uterus upon the
cytology of the pituitary of the rat. In this and in a more extended
study by Mohs and Guyer,9 it was found that in rats the endo-
metrium was highly resistant to the implantation of the carcinoma,
unless the uterus responded to the implant with the development of
decidual tissue.
The experiments described in this paper were undertaken to
study the growth and implantation of a rapidly growing and malig-
nant sarcoma placed within the lumen of the mouse uterus during
the various periods of the estrus cycle and during early pregnancy
and pseudopregnancy. The reaction of the uterus to the presence of
the tumor and the manner of the implantation of the tumor into the
endometrium were studied both in the normally cyclic uterus and in
the uterus sensitized to the decidual reaction.
The implantation of the mammalian embryo into the uterine
wall has been the subject of much study and investigation. Burck-
hard' and Melissinos8 were among the first to make detailed histo-
logical studies in the mouse of the attachment of the embryo to the
uterus and the accompanying decidual reaction. Leo Loeb7 first
demonstrated that the development of decidual cells could be
induced in the sensitized stroma of the rodent uterus by a stimulus
other than the embryo. Other investigators have since shown that
besides the stimulus of a mechanical injury, discovered by Loeb,
foreign bodies and electrical shocks will serve as stimuli for the pro-
duction of decidual growths in the sensitized uterus. Parkes"0
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found the optimum time for the induction of placentomata (deciduo-
mata) by mechanical injury of the sensitized uterus of the mouse to
be 3 or 4 days after the estrus preceding the period of sensitization.
Similarities in the decidual response induced by artificial stimuli
and thedecidual formation accompanyingnidation have been empha-
sized by Krehbiel' in a thorough cytological study of the decidual
reaction in the rat. Selye and McKeown,"8 also, are agreed that the
formation of an experimentally induced decidua in the rat is essen-
tially similar to an embryonic decidua. However, the experiments
on artificially induced decidua, with the exception of those of Mohs
and Guyer,9 have not been concerned with the question of the com-
petence of an experimentally induced decidua to implant a non-
em-bryonic tissue into the uterine wall.
Materials and methods
The tumor* used in these experiments is a rapidly growing malignant
sarcoma which has been transplanted semi-monthly since November, 1937.
It was a spontaneous growth, arising subcutaneously in an adult female of
the Longacre strain of mice. Subcutaneous transplants into the axillary region
are made, with nearly 100 per cent takes, into 6- to 10-week-old Swiss,
Longacre, and AKA mice used in these experiments. The tumor grows in
most situations with large undifferentiated cells which readily metastasize into
nearby lymph channels and which have a marked capacity for isolated inde-
pendent existence in host tissues.. Sections of the original tumor (Fig. 1)
show the same cell type and growth pattern as is present in the subsequent
transplanted generations (Fig. 2). Touch preparations of metastatic growths
in lymph nodes often show giant cells (Fig. 3), while the free sarcoma cells
appear much like large monocytes. The general appearance of these sarcoma
cells is much like that of those descnbed by Parsons."'
The tumor invades and destroys striated and smooth muscle readily (Fig.
2) and, when transplanted into 4- to 6-week-old mice, it is usually fatal in
* The original tumor was first observed as a small but well-defined nodule
growing in the inguinal region of a mature Longacre female mouse obtained by
Dr. P. Gerald Kruger of the Physics Department at the University of Illinois from
Dr. J. H. Lawrence of the Radiation Laboratory at the University of California.
It is probable that the animal had suckled more than the one litter it had when
under our observation. Four weeks after the nodule was first discovered it was a
large mass weighing 15 grams, when it was removed for transplanting. The first
transplants grew nearly as rapidly and as virulently as the later ones, not-only in
the original Longacre strain, but also in AKA mice and ordinary Swiss mice, with
the exception that during the first year or so, failures to take and regressions were
more frequent. The tumor grows as well in CD mice and other strains.
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about 21 days. The growth of the sarcoma is accompanied by a minimum
of connective tissue, and the centers of the tumors are frequently necrotic
after a week or ten days of growth. At times, a subcutaneous implant may
rapidly develop into a hemorrhagic mass of blood and living and necrotic
sarcoma cells.
The intra-uterine implants were made with dull trocars, made from gauge
18 to 21 injection needles. Gauge 19 was generally employed, gauge 18
rarely. The tumor for the implants was obtained from actively growing stock
tumors, 6 to 12 days old. After removing the tumor mass under aseptic
conditions, the translucent, firmer portions of the growth were selected and
minced with fine scissors into sterile salt solution. Five to ten small bits of
tumor, weighing from 0.5 to 3.0 mg., were loaded into a trocar at each
filling.
The placing of the loaded trocar within a uterus was done after anesthetiz-
ing the mouse with nembutal and suspending it by its tail from a stand. With
the vagina illuminated by a small lamp and expanded with curved forceps,
the loaded trocar was then carefully passed through the vagina and uterine as
into the lumen of the uterus where the implant was expelled. This approach
affords ready access to the uterine canal of either horn with a minimum of
damage to the uterus or disturbance to the animal. In a few poorly per-
formed inoculations, the uterus was punctured by the trocar and tumors were
found growing in the mesometrium and elsewhere in the abdomen. Such
experiments were discarded. For more accurate control in the placing of
implants and to lessen the likelihood of injury to the uterus, most of the
inoculations made to supply material for histological study were done with the
uteri under observation through an opening in the abdominal wall.
The tissues studied histologically were fixed in either Bouin or Zenker-
formalin fixing agents and stained with hematoxylin-eosin, after embedding
in paraffin and sectioning at ten micra.
The pregnancies and pseudopregnancies were timed from the time of
finding the vaginal plug, plus half the elapsed hours since the animal was last
examined. The maximum error in the timing of a copulation was plus or
minus six hours. The pseudopregnant animals were obtained by allowing
females to copulate with vasectomized males. Unilateral pregnancies were
obtained by sectioning and tying the fallopian tube on one side a week or ten
days before copulation.
Results
Comparison of the percentage of takes and the amount of growth of
tumor implants
Since it is laborious and difficult to determine with accuracy if a
tumor is growing successfully a few hours, or even 2 or 3 days, after
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making an implant, only experiments of at least 4 days' duration are
included in Table 1.
TABLE 1
RESULTS, 4 TO 25 DAYS AFTER INOCULATION, OF INTRA-UTERINE IMPLANTS OF
SARCOMA INTO 158 MICE
Stage of estrus cycle at time No. of No. with Per cent
of implantation takes no growth takes
Proestrus 14 3 82
Estrus 10 7 59
Metestrus 20 6 77
Diestrus 38 14 73
4- to 6-day pregnancy, pseudopregnancy,
or lactation 31 8 79
Late pregnancy or lactation 5 2 71
Totals 118 40 75
The general average of 75 per cent takes in the intra-uterine
implants is about 20 per cent less than would be expected from sub-
cutaneous implants into the same animals. That the physiology of
the uterus at the time an implant is made influences the opportunity
for the implant to establish functional contact with the uterus is indi-
cated by Table 1. Estrus is the least favorable, and proestrus or
earlypregnancy and pseudopregnancy are the most favorable periods
in the sex cydes for intra-uterine implants of the sarcoma to become
established in the endometrium.
To determine if this early influence of the uterus or if preg-
nancy or other factors affecting uterine physiology would affect the
subsequent growth of the implant, the following experiments were
done. Tumor implants, made into one uterine horn only, were
allowed to grow for 11 or 12 days. (In 3 pseudopregnant animals
9 days were allowed for the growth period.) At the end of this
period the animals were sacrificed, and after both uterine horns were
removed and trimmed ofexcess tissue the horns were weighed to the
nearest milligram. The difference in weight of the two horns was
used as an estimate of the amount of tumor present. The results of
these experiments are summarized in Tables 2 and 3.
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TABLE 2
GROWTH OF TUMOR IMPLANTS MADE INTO PROESTRUS, ESTRUS, AND METESTRUS
UTERI
Wt.ofhorn Wt. of Wt. of
Days of plus tumor norm. horn tumor
Stage of cycle growth mg. mg. mg.
.1-
Proestrus 11 265 65 200
cc 11 321 83 238
11 234 54 180
11 251 71 180
11 302 92 210
11 191 52 139
11 217 55 162
11 264 68 196
11 273 73 200
cc 11 254 69 185
cc 11 248 72 176
Average 256 68 188
Estrus 11 293 82 211
cc 11 251 71 180
CC 11 231 65 166
cc 11 271 74- 197
(C 11 197 59 138
cc 11 201 73 128
(C 11 273 84 189
cc 11 249 77 172
cc 11 241 76 165
cc 11 175 28 147
Average 238 69 169
Metestrus 12 213 73 140
Cc 12 219 75 144
cc 12 217 68 149
cc 12 252 71 181
CC 12 231 70 161
CC 12 273 64 209
CC 12 171 69 102
cc 12 1(4 73 91
cc 12 309 74 235
CC 11 123 15 108
cc 11 120 20 100
cc 11 195 19 176
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TABLE 3
GROWTH OF TUMOR IMPLANTS MADE INTO DIESTRUS UTERI AND UTERI DURING THE
4TH TO 6TH DAY OF PSEUDOPREGNANCY
!Wt.ofhorn Wt.of Wt.of
Days of plus tumor norm. horn tumor
Stage of cycle growth mg. mg. mg.
-~~~~~~~~~~~ .
Diestrus
cc
CC
'CC
'CC
cc
'CC
CC
'CC
Average
Pseudopregnant
'CC
C'
cA
Average
12
12
12
12
12
12
11
11
11
11
11
11
11
11
11
11
11
11
11
11
9
9
9
11
11
386
184
314
585
572
571
473
453
334
481
352
271
318
473
180
48
757
114
170
141
359
287
293
297
321
345
308
69
99
54
72
91
89
76
77
67
69
54
73
71
61
35
15
60-
59
37
53
64
89
83
87
69
63
78
317
83
260
513
481
482
397
376
267
412
298
198
247
412
145
33
697
55
133
88
295
198
210
210
252
282
230
The implants made into metestrus and estrus uteri showed the
poorest growth, while the implants made into diestrus and early
pseudopregnant uteri showed the greatest growth. The average
growth of the tumor implants in the pseudopregnant animals was
65 mg. lessduring a 9- to I -dayperiod thanwere the I1 - to 12-day
growths of the implants placed in the diestrus uteri. The compari-
son of the two 1 -day growths in the pseudopregnant animals with
the 11-day growths of the implants made into diestrus animalsTRANSPLANTED INTRA-UTERINE TUMORS
reveals only a milligram of difference; 267 mg. of tumor for the
former, and 268 mg. for thelatter.
Histological studies of the implantation and growth of tumor
implants in the endonwetrum.
The evidence is clear that the sarcoma implants will take and
grow in the endometrium during all stages of the estrus and repro-
ductive cycles. To answer the question as to how these implants
establish functional connection with the endometrium, intra-uterine
iiloculations were carefully made with No. 19 and 20 trocars into
normally cyclic, early pseudopregnant, and pregnant animals, which
were sacrificed from 2 hours to 10 days later for histological exami-
nation of the uteri.
Many of the uteri, from mice sacrificed 2, 6, 12, or 24 hours
after inoculation of the tumor, show varying amounts of damage to
the mucosa at one or more regions along the uterine canal. Even
the smallest injury, involving the removal of less than 4000 sq.
micra of mucosa, was sufficient to allow the implantation of isolated
sarcoma cells (Fig. 4). This animal was in diestrus when the
implant was made and in early proestrus when killed, 24 hours later.
This was the only trauma found in serial sections of the entire horn,
yet even this small trauma was sufficient to allow sarcoma cells to
establish functional contact with the endometrium. It is noteworthy
that some of the tumor cells have mitotic figures. Extensive and
general injury to the mucosa, or the forcing of the tumor mass into
the endometrium by the trocar or its plunger, as the sectioned uteri
showed in some cases, greatly facilitates the attachment and growth
of the implant. A well-established growth of the sarcoma was
found 48 hours after implantation into a diestrus uterus (Fig. 5).
An early metestrus vaginal smear was taken when the animal was
sacrificed. The extensive growth of the tumor in this case suggests
that ready access to the nutritive fluids bathing the stroma cells was
afforded by greater damage done to the mucosa and endometrium in
making the inoculation.
Unlike embryos, which normally remain free in the lumen for
36 or more hours or, at times, may live for days in the lumen,25
tumor masses in the uterine canal undergo rapid necrosis during all
phases of the estrus and reproductive cydes. Twenty-four- hours
afterinoculationthe tumorimplants in the lumen usually show much
degeneration and necrosis. Often there is a marked leukocytic
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reaction in the region of the implant and the implant will be infil-
trated with great numbers of leukocytes. Tumor implants in early
pregnant or pseudopregnant uteri seem to retain living cells longer
than implants in cyclic uteri. An example of an implant which
became largely necrotic after 30 hours in the non-pregnant horn of
an animal in early pregnancy whose opposite horn contains three
normal blastocysts is pictured in Figure 6. There is a significant and
marked contrast between the healthy appearance of the sarcoma cells
contactingthe injured mucosa and the endometrium and the necrotic
cells forming the mass of the implant projecting into the lumen. A
number of uteri, which were fixed 2 to 4 days after receiving the
implants and serially sectioned, showed no damage to the mucosa
and contained only necrotic implants.
Once functional contact has been established between the sar-
coma cells and the stromal tissue, growth of the tumor is assured.
The rate of growth of a tumor implant in the uterus, as compared to
subcutaneous implants made into the axilla, was not consistent.
Usually, however, the axillary implants grew more rapidly. The
early growth of an intra-uterine implant is confined to the endo-
metrium, and only after the stroma has been thoroughly invaded is
the myometrium attacked. Histological examination-of 5 uteri in
which tumor implants had been placed during diestrus and allowed
to develop for 4 and 5 days showed little indication of lateral growth
(Fig. 7) into the myometrium.
The implantation of the tumor into the uterine stroma sensitized
to the decidual reaction may follow directly as the result of damage
to the mucosa, as described above for the cyclicuterus, or the decidual
reaction mayplay an important role in the imbedding of the sarcoma
cells into the endometrium. This is apparent in animal 245, into
whose uterus tumor implants were made 4 days after pregnancy had
begun and 48 hours before removing and fixing the uterus. Two
decidua, somewhat largerthan the decidua of the opposite uninjected
horn with normal embryos, were developed near the cervical end of
the inoculated horn. Sections of these decidua show no embryos or
embryonic remains, but show a marked decidual reaction (Fig. 8)
with the focus of the implantation directed, but not exactly centered,
antimesometrially. The lumen in the center of one of the decidua
contains an oval mass of necrotic and healthy appearing sarcoma cells
much infiltrated with leukocytes. The lumen has been characteris-
tically reduced and shaped around the tumor mass which is many
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times larger than a 6-day blastocyst. The mucosa in the antimeso-
metrial half of the lumen is flattened and attenuate. The same
experiment repeated on another animal resulted in the growth of a
decidua around a rather large mass of necrotic tumor (Fig. 9) and
there is, in the center of the decidua, an antimesometrially directed
implantation pocket, which, although no embryo is present, is very
similar to the implantation pocket in which a normal embryo is
found after 2 or 3 days in the uterus. The large size of the implant
prevents it from entering the implantation pocket, but loose cellular
debris fills it and a part of the implant appears to be drawn or forced
into it. The impression is inescapable that if an embryo or living
sarcoma cells were in the pocket they would be characteristically
implanted by the continued development of the decidua. The
mucosa in the center of the decidual growth is extremely flat, and in
the implantation pocket it has almost entirely disappeared, affording
ample opportunity for an embryo or for tumor cells to establish
intimate contact with the rich lymphatic and vascular supply of the
surrounding decidua.
In the 48-hour decidua, illustrated in Figure 8, living sarcoma
cells may be found extending from the mass of tumor in the lumen
antimesometrially in a line corresponding to that of the embryonic
axis in an embryonic decidua. These sarcoma cells extend nearly to
the outer limits of the endometrium, and they appear to lie between
two lateral centers of decidual activity. From a study. of the
sections the impression is gained that the sarcoma cells have either
been pocketed by thedecidual development or that this region of the
decidua is the most fa-vorable for their growth and migration. lThis
same relationship of sarcoma cells to decidua was also observed 96
hours after making an implant into one horn of a four-day pregnant
uterus (Fig. 10). As in the previous decidua, neither embryos nor
parts of embryos can be found in serial sections of the decidua, and
nearly all of the tumor mass in the lumen of the decidua is necrotic.
Similarly, the mucosa has flattened and largely disappeared from the
antimesometrial border of the lumen, where numerous living tumor
cells are attached. Sarcoma cells with mitotic figures can be traced
antimesometrially from this region in a narrow band leading about
halfway to the myometrium. It is noteworthy that the 96-hour
decidual growth around the implant has advanced to the extent that
the mesometrial decidua has developed characteristically and that
there are large lacunae filled with blood. Extravasation of blood
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has occurred also in the lumen through the denuded mucosa, where,
besides the mass of necrotic tumor, numbers of apparently healthy,
free, living sarcoma cells may be seen on the antimesometrial border
of the lumen.
A decidua stimulated to develop by the placing of a tumor mass
in a horn sensitized to the decidual reaction shows not only simi-
larities in details of development but also a gross amount of decidua
usually nearly equal to an embryo-induced decidua of the same
age. However, the decidua induced-by the stimulus of an implant
and trocar usually developed with less symmetry than that charac-
teristic of an embryonic decidua (Figs. 1 1 and 12). As a result of
this asymmetry the implantation of tumor cells in the antimeso-
metrial decidua took place, at times, obliquely to the antimesometrial
axis. Furthermore, the uterine lumen around a tumor implant was
usually not so completely reduced by the growth of the decidua as
it is by the growth of the decidua around an embryo. The lumina
of decidua around tumor implants, in some cases, gave the appear-
ance of being distended with fluid.
The gross and histological appearance of 4- or 5-day tumor
growths accompanied by a decidual response is quite different from
the 4- or 5-day growth in a non-sensitized uterus. Figure 13 pic-
tures a small portion near the edge of a longitudinal section through
one of two centers of growth of sarcoma and decidual cells 5 days
after the inoculation of the tumor into the non-pregnant horn of a
4-daypregnant animal. Thegross appearance of the horn was much
like that ofawell-developed embryonic decidua. The sarcoma cells
and the decidual cells appear to grow and to multiply rapidly under
the same conditions5 though the tumor cells will eventually crowd
out thedecidual cells. Sarcomacells have invaded uterine lymphatic
channels and myometrium, besides growingextensively in the uterine
stroma. In some situations it is difficult to distinguish sarcoma cells
from certain types of decidual cells, but the cytoplasm of the former
generally stains more basophilic and is less granular. Also, cells,
isolated from the main growth of the sarcoma, tend to keep a
rounded appearance and remain aloof from the decidual cells.
Sarcoma cells growing in the midst of a decidual reaction are
apparently able to migrate freely through the numerous lymphatic
spaces andreadily invade the whole structure of the uterus. A well-
established metastatic growth was found in a lumbar lymph node,
5 days after the inoculation of a 4-day pseudopregnant uterus with
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the sarcoma (Fig. 14). Evidence that this is a metastatic growth is
seen in the presence of sarcoma cells in the large lymphatic vessels
of the uterus. Furthermore, metastatic growths in the lumbar and
renal lymph nodes were found in many other animals with uterine
tumors of ten or more days' duration. The characteristic gross
appearance of uteri with large tumors of from 15 to 21 days' dura-
tion is shown in Figure 15.
The effect ofuterinetumors upon the estrus cycle
As shown in Table 4 varying effects upon the estrus cycle, as
determined by the vaginal smear technic, resulted from the implan-
tation and growth of the uterine tumors. The early effects, such as
the interruption of pregnancy in animals 294, 295, and 296, the 14
days of diestrus in animal 324, and the extension of the metestrus
period in animal 320, were probably the direct result of the stimula-
tion of the cervix and uterus by the trocar.
The large uterine growths which develop 10 to 15 days after
implantation tended to cause extended diestrus periods and atypical
vaginal smears, as in the case ofanimal 320, which, 16 days after the
implant hadbeen made, yielded for 4 daysvaginal smears containing
nucleated epithelial cells, leukocytes, and cornified epi-thelial cells.
rwodays priorto and for 3 days following this period, at which time
the animal was sacrificed, typical diestrus smears were obtained,
except for cellular disintegration granules which often appeared in
smears from animals with large uterine tumors. In addition, the
last nine smears from this animal showed red blood corpuscles and
sarcoma cells. Red blood corpuscles and sarcoma cells appeared, at
times, in vaginal smears of other animals during the later stages of
growth of the uterine tumors. Both estrus and copulation were
observed in mice with large uterine tumors.
Discussion
Whether a particular tumor implant will or will not take is
determined by two classes of factors, the nature and condition of the
implant, itself, and the nature of the environment in which it is
placed. Unfortunately, it is not possible to make certain that all the
small bits of tumor loaded into a trocar are equally viable, yet,
histological studies, made shortly after making inoculations into the
uterus, show that at least a part of every implant contained viable
sarcoma cells. It is possible that some of the experiments were
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TABLE 4
VAGINAL SMEARS FROM SIX MICE WITH UTERINE TUMORS
Mouse No.
Days 294 295 296 320 322 324
1....... plug plug plug D P D
2..............................D E P
3 E M E
4. m D m
5 .............. TD TD TD Tm TD TM
6 . ............. D P D M D D
7 . .............. D E D m D D
8 . . ............ Pm D m D D
9 . ............. Em D m E D
10.............. m M E M m D
11 . ............. m m m D M D
12 . ............. M m M P D D
13 . ............. D M D E D D
14.................. ......D M D m p D
15 .............. M* D D M E D
16............ E* D M* D m D
17 . ............. m* D m E M -D
18 . ............. M D m m D D
19 . ............. M D M* m D D
20 .............. D D M* D* D E*
21 .............. D D M D* m
22 .............. D D M M* M*
23 . ............. D D D M* D*
24 . ............. D D D M* D*
25.D M*
26. D D*
27. D D*
28. D D*
29 . . ............. -D
Symbols: T=intra-uterine implant made; P=proestrus; E =estrus; m=early
metestrus; M=late metestrus; D=diestrus; *=red blood cells in vaginal smear.
Nos. 294 and 295 were sacrificed; large uterine and axillary tumors.
No. 296 died with a uterine tumor of 3.1 gm., an axillary tumor of 0.7 gm.
No. 320 sacrificed; large uterine tumor, metastases in lumbar and renal lymph
nodes.
No. 322 sacrificed; tumor of 5 x 6 mm. in one horn; of 8 x 12 mm. in the
other; metastases in lumbar and renal lymph nodes.
No. 324 sacrificed; 3 tumors, each 6 x 6 mm. in one horn, a 6 x 6 mm.
growth in the other; metastases in lumbar and renal lymph nodes.TRANSPLANTED INTRA-UTERINE TUMORS
influenced by inoculation of poor tumor, but as this possibility does
not vary in the different classes of experiments, it cannot affect the
comparative results.
In the case of intra-uterine implants, the amount of damage
done to the mucosa and endometrium in making the inoculation
largely determines the fate of the implant, especially those made
into uteri not sensitized to the decidual reaction. Since the sarcoma
cells cannot live long in the lumen without contacting the endo-
metrial lymph, it seems likely that the more the mucosa is damaged
in making an inoculation, the more opportunity the implant has to
grow. This view is supported not only by the histological evidence,
but also by the fact that a higher percentage of takes resulted from
inoculations which were likely to cause the greatest damage to the
uterus.
It appears that the smallest rupture of the mucosa is sufficient for
the entry of the sarcoma cells into the endometrium and, since it is
not likely that a steel trocar can pass the length of a small uterus,
like that of a mouse, without causing some abrasion to the delicate
mucosal epithelium, a high percentage of takes occurred even in
normal cyclic uteri. It is noteworthy, however, that apparently nor-
mal implantation of embryos may take place in uterine-horns which
were entered with trocars 4 days after copulation, so, the effect upon
the uterus of a trocar, carefully inserted, may be negligible.
In considering the variations in the physiology of the uterus
which may influence the viability and growth of the tumor implants,
it seems significant that thelowest percentage of takes occurred in the
implants made into estrus uteri, and that the poorest growth was
made by theimplants into metestrus uteri. Studies on the hydrogen-
ion concentration of the fluid present in the uterus have shown that
a high alkalinity develops during this period of the estrus cycle,
whereas proestrus, which is a most favorable period for the implan-
tation of the tumor, is a period when the alkalinity of the uterine
fluid is least.4 Perhaps the alkaline fluid of the estrus and metestrus
uteri is harmful to the sarcoma cells and inhibits their growth. In
this connection, the high percentage of takes into the 4- to 6-day
pregnant orpseudopregnant uteri, sensitized to the decidual reaction,
is noteworthy, for during this period there is marked decrease in the
alkalinity of the uterine fluid and as the decidual reaction proceeds
a definite acidity develops. The early influence of the uterus upon
the implant may be largely responsible for the variations in amount
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of growth accumulated at the end of a short growth period. After
a tumor has become well established in the uterus, the changes in
uterine physiology accompanying estrus and pregnancy do not play
such an important part in its growth.
The rapid migration of the sarcoma cells and the invasion of the
lymphatic vessels of the uterus which take place when the growth of
the implant is accompanied by the development of a decidua are
probablylargely the result ofthe increase in lymph flow through the
uterus at this time. The opportunity for the sarcoma cells to leave
the uterus via thelymphaticchannels must be tremendouslyincreased
by the conditions accompanying a decidual growth in early preg-
nancy. The increased vascularity, the extravasation of blood, the
formation of numerous lacunae and lymph spaces between the
stromal and decidual cells, and the lack of much connective tissue, are
all factors which make it possible for the sarcoma cells to grow
rapidly and migrate freely and independently into the surrounding
tissues. It is only a matter of a few days until they have entered the
lymph vessels and started secondary foci of growth in the nearby
lymph nodes. It is noteworthy, from a clinical point ofview, that the
induction of pregnancy in a uterus containing a small or unknown
neoplastic growth is likely to increase the opportunities for its rapid
development and extension into lymphatic vessels.
The high percentage of takes into the mouse endometrium, dur-
ing all stages of the estrus and reproductive cycles, of the malignant
sarcoma described in this paper differs markedly from the results
reported by Mohs and Guyer,9 who found that intra-uterine inocula-
tions ofthe Flexner-Jobling carcinoma in the rat grew only in endo-
metria which reacted to the implant with the development of a
decidua. In the mouse it is not the endometrium which is refractory
to theimplantation andgrowth of the sarcoma; it is the intact mucosa
which prevents the implant from establishing functional contact with
the stroma. The sarcoma cells are apparently more viable and more
capable of competing with the cells of the uterine stroma in the
mouse than are the carcinoma cells in contact with the rat endo-
metrium. This difference in ability to grow in the uterine stroma is
probably the result of fundamental differences in the viability and
aggressiveness of the two tumors, as well as being due to the marked
capacityofthe sarcoma cells to grow independently in foreign tissues.
From Mohs and Guyer's figures (page 202) it appears that the
<carcinoma grows as a crcumscribed mass which would make intimate
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contact with the endometrium only with difficulty, unless it met with
a general decidual reaction. On the other hand, the sarcoma cells
appear to grow readily and freely, even as isolated cells, as soon as
they have established the slightest contact with the endometrial
lymph.
Similarities between an experimentally induced decidua and an
embryo-induced decidua have previously been described for the rat,6
and it has been noted that the antimesometrial decidua is the most
favored region for the implantation of a tumor implant, although
unlike the embryo it does not invariably attach in this region.9 The
development of the decidua around tumor implants in mice appar-
ently simulates in every way the development of the decidua around
the embryo, as far as the presence of a large mass of foreign, degen-
erating tissue will permit. Under optimum conditions the size and
general development, even to the formation of an antimesometrial
implantation pocket, of a decidua growing around a tumor implant is
most striking, and has raised the important question, which will be
considered in another place, as to the relative roles of the embryo
and uterus in nidation.
In these experiments, the exact stimulus for the formation of a
decidua around a tumor implant cannot be known with certainty,
because of the undeterminable variable of a possible contributing
stimulus resulting from trauma to mucosa in making the inoculation.
Thedecidua developed around tumor implants introduced into preg-
nant horns were readilydistinguished from embryonic decidua by the
presence of the tumor and the absence of an embryo. Usually the
focus of the implantation process in the implant-induced decidua,
and very rarely in embryo-induced decidua, is oblique to the anti-
mesometrial plane. In one case a mass of tumor was found in the
lumen of an embryonic decidua with an apparently normally
implanted embryo of 6 days. In another case, normal 6-day
embryos were found in the anterior region of a horn which had a
2-day-old tumor implantgrowing in theposterior portion.
That a uterus, greatly enlarged by a mass of tumor, does not
suppress estrus or extend the period, of pseudopregnancy has been
observed previously in the rat.' Although Selye"2 was able to delay
the appearance of estrus, after removal of embryos from a pregnant
rat uterus, by distension of the uterus with paraffin, it should not be
supposed that a tumor growing in the uterus will have the same
effect, for, as the tumor grows, it invades and destroys the uterine
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tissue, apparently without subjecting the uterine cells to great ten-
sions. There are irregularities in the estrus cycle, when large tumors
are present in the uterus, but these are not necessarily the result of a
direct influence of the tumor upon the pituitary or ovary.
Summary and comlusions
1. A new, readily transplantable, rapidly growing and metas-
tasizing mouse sarcoma is described. Intra-uterine inoculations of
this tumor into 158 mice resulted in takes in 75 per cent of the
animals.
2. Successful inoculation of the tumor into the endometrium of
cyclic uteri took place only if the trocar damaged the mucosa suffi-
ciently to enable sarcoma cells to contact the favorable environment
of the endometrial lymph.
3. Intra-uterine tumor implants made into mice during early
pregnancy, pseudopregnancy, or diestrus grew more readily and
rapidlythan implants made into estrus or metestrus uteri.
4. Large intra-uterine tumors in the last stages of growth may
cause irregularities in the estrus cycle and atypical vaginal smears,
but they do not necessarily inhibit estrus.
5. The conditions accompanying decidua formation are so favor-
able to the rapid implantation and growth of the sarcoma that gen-
eral destruction of the uterine structure and invasion of lymph
channels may take place and result in the development of metastases
in thelumbarlymph glands within five days after inoculation.
6. Decidua induced by placing tumor masses in sensitized uteri
develop and differentiate much likethose induced by embryos.
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FIG. 1. Section of a portioni of the originial tumor. Bouin's fluid, hematoxylin and eosin. X 280.
FIG. 2. Sectioni of the sarconma after 70 generatioiis of transplants, showing invasion of striate(d
muscle fibers. Techniic as above. X 440.
FroG. 3. Touch-preparation of a metastatic growth of the tumor in a lymnph node, showiing a
gianit ttumor cell, normazl tumor cells with dark, compact nuclei, anid some lymphoid cells. Stained
by the Alay-G(riinwald-Giemsa techniic. X 440.
Fi(;. 4. Cross-sectiotn showinig isolated ttumiior cells eniteritng the enidonmetrium through a slight
trauma of the iimucosa 24 hours after inioculationi. Bouiom's fluid, hematoxylini anid eosini. X 280.
FtG. 5. Longi-sectioni throtugh the e(dge of a well-established. grorwing ttumor iml)lant 48 hoturs
after inotilatti1t itnto a (liesti-rts uterms. T'echnlic as aboxve. X 70.
1:i(;. 6. ILongi-sectioii of tuteruis in early p)regnLncy 30 liotrs after inoculation, showing c(ge
of utecrotic ttItlnor mass (upper left)twhile the tutmior cells conitactinig the inijured ed(lometritni
appcar to he livinig anid growinig. Techniic as above. X 140.
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4p 'OFIG. 7. Cross-section through center of a 5-day-old growth of the sarcoma in a cyclic uterus.
Zenker's fluid, hematoxyliln anid eosin. X 33.
FIG. 8. Cross-sectioni through ani implant-induced (lecidua, showing implant in lumen and tumor
cel!s between centers of decidual growth. Bouini's fluid, hematoxylin anld eosin. X 65.
FIG. 9. Cross-sectioni of an implant-induced decidua, showing necrotic tumor mass anid implanita-
tion pocket. Technic as above. X 33.
FiG. 10. Cross-sectioni of a 96-hour-old, inlplaut-ii(luced decidua, with tumor cells in fluid-
filled lunmen and(c in the antimiiesomiietrial decidua. Technic as above. X 33.
F1icGS. 11 anid 12. Cross-sectiotn of 48-hour-old embryo and experimentally iniduced decidua,
resl)ectively. Zenlker's fluid, hematoxylini and eosin. x 25.
F-G. 13. Loilgi-sectioii through edge of combined decidual and sarcoiimatous growtlh, 5 (lays
after implanitation of tumor. Note sarcoma cells in lymphatic vessel. Botiim's fluid, hensatoxvliu
and eosin. X 96.
FIG. 14. Section of edge of lumbar lymiiph io(le with metastatic tutnior cells, 5 (lays after
intra-uterine itnoculatioil of a pseudopregnatnt miouIse. Technic as above. X 280.
Fitc. 15. Right uterine horn of mouse with a 3-weeks-old tumor. X 2.